*To the Editor:* Leukemia is a malignant proliferative disease that has become the most common malignancy in children, accounting for 40.5% of malignant cancers children.^\[[@R1]\]^ Although chemotherapy can effectively treat children, some patients with high-risk and relapsed acute lymphoblastic leukemia (ALL) and acute myelocytic leukemia (AML) failed to achieve long-term relief. For these patients, allogeneic hematopoietic stem cell transplantation (allo-HSCT) is the best choice. However, many factors may impact the efficacy of allo-HSCT. We retrospectively analyzed the clinical data of 71 children with leukemia treated using allo-HSCT to observe the clinical efficacy and analyze the possible influencing factors.

Our institutional review board (IRB) approved the protocol, and guardians of all patients signed consent forms approved by the IRB. Overall, 71 patients were included, aged 1 to 14 (median 9) years; 46 boys and 25 girls. A total of 34 patients had ALL, 32 had AML, four had chronic myelocytic leukemia, and one had juvenile myelomonocytic leukemia. Details regarding the patient cohort are provided in Table [1](#T1){ref-type="table"}.

###### 

Outcomes of patients who underwent allo-HSCT: univariate analysis (*n* = 71).
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In the study, 55 patients received a busulfan-cyclophosphamide-based (Bu/Cy-based) regimen, 0.8 mg/kg q6 h × 4 days, Cy 40 to 60 mg/kg × 2 days. Overall, 16 patients received a total body irradiation-cyclophosphamide-based (TBI/Cy-based) regimen, 4 to 5 Gy × 2 days, Cy 40 to 60 mg/kg × 2 days. For GVHD prophylaxis, MSD received cyclosporine A (CsA) and short-course methotrexate (MTX), and AD received CsA, MTX, mycophenolate mofetil (MMF), and rabbit anti-human thymocyte immunoglobulin (ATG). CsA plasma concentrations were monitored twice a week and maintained at 200 to 400 ng/mL. All patients were prevented from potentially contacting infections as much as possible pre-transplantation. Alprostadil was administered to prevent hepatic vein of occlusion disease (HVOD). Hydration and alkalization of urine were performed to prevent hemorrhagic cystitis. During transplantation, all blood products were irradiated before infusion. Patients began to receive granulocyte colony-stimulating factor 5 μg/kg, from +5 days to the day when the white blood cell and neutrophil counts returned to normal.

Neutrophil engraftment day was defined as the first day of three consecutive days with absolute neutrophil count greater than 0.5 ×10^9^/L. Platelet engraftment day was defined as the first of seven consecutive days with platelet count \>20 × 10^9^/L, without transfusion support for at least seven days. After hematopoietic reconstitution, bone marrow sample was obtained for evidence of implantation. Quantitative PCR was used to detect short tandem repeat gene signature, or sex chromosome analysis. Overall survival (OS) was defined as the length of time from HSCT to death from any cause, or the last follow-up. Disease-free survival (DFS) was defined as the length of time from the HSCT to the last follow-up or first event (relapse or death from any cause).

All analyses were performed using SPSS version 21.0 (SPSS Inc., USA). *P* \< 0.05 was considered statistically significant. Survival curves for DFS and OS were estimated using the Kaplan-Meier method, and the groups were compared using the log-rank test. Cox proportional hazards regression was used to identify the risk factors associated with OS and DFS rates.

We found that 70 patients reconstituted successfully, and one patient experienced failure because of early graft rejection and severe infection. The hematopoietic reconstitution rate was 98.6%. The median implantation time of neutrophils and platelets in the evaluable patients was 13th (9--26) day and 14th (9--46) day, respectively. Follow-up was performed through outpatient or inpatient routes or *via* telephone. The end of the study period was July 1, 2018, and the median follow-up time was 16 (1.5--106) months. Fifty (70.4%) patients had acute graft-*vs.*-host disease (aGVHD) and 21 (29.6%) had chronic GVHD (cGVHD). Grade II-IV aGVHD were observed in 36 (37%) patients. No significant difference between the various GVHD groups was observed. HVOD did not appear in all patients. At the end of the observation, 19 patients relapsed, and 31 died. Twenty-two patients (31%) died from transplant-related complications: 14, severe infection; three, cerebral hemorrhage; two, hemorrhage of the digestive tract; two, severe GVHD; and one, cardiac insufficiency.

In univariate analysis, sex, primary disease, donor source, stem cell donors, sex of donor--recipient, stem cell source, lung infection, hemorrhagic cystitis, and EBV infection were not statistically significant for either OS or DFS. Disease status at HSCT (*P* = 0.036), high-risk AML-CR1 (*P* = 0.014), conditioning regimen (*P* = 0.003), donor--recipient ABO compatibility (*P* = 0.018), and CMV infection (*P* = 0.044) had significant effects on OS. Extramedullary infiltration (*P* = 0.047), high-risk AML-CR1 (*P* = 0.048), and conditioning regimen (*P* = 0.028) had significant effects on DFS \[Table [1](#T1){ref-type="table"}\]. The 3-year DFS and OS were 39.3% and 49.7%, respectively. Survival curves are presented in Figure [1](#F1){ref-type="fig"}A. Multivariate analysis revealed that disease status at HSCT (RR = 1.727, 95% CI 1.067--2.795, *P* = 0.026), high-risk AML-CR1 (RR = 8.851, 95% CI 1.019--76.884, *P* = 0.048), and conditioning regimen (RR = 2.613, 95% CI 1.255--5.439, *P* = 0.01) were affected factors for OS. Conditioning regimen (RR = 2.123, 95% CI 1.061--4.247, *P* = 0.033) was an affected factor for DFS. Survival curves are presented in Figure [1](#F1){ref-type="fig"}B--E.

![Overall survival and disease-free survival curves of 71 children with leukemia. (A) The 3-year OS and DFS. (B) OS for AML patients in CR1 (RR = 8.851, 95% CI 1.019--76.884, *P* = 0.048). (C) DFS for Bu/Cy-based *vs.* TBI/Cy-based regimen (RR = 2.123, 95% CI 1.061--4.247, *P* = 0.033). (D) OS for Bu/Cy-based *vs.* TBI/Cy-based regimen (RR = 2.613, 95% CI 1.255--5.439, *P* = 0.01). (E) OS for patients in CR1, CR2, or CR3 and NR at HSCT (RR = 2.613, 95% CI 1.255--5.439, *P* = 0.01). DFS: Disease-free survival; HSCT: Hematopoietic stem cell transplantation; OS: Overall survival.](cm9-132-860-g002){#F1}

In recent years, allo-HSCT has been widely used in the treatment of leukemia, and its efficacy has been improved remarkably; the 5-year OS was noted to be as high as 70%, and 5-year DFS was also approximately 66%.^\[[@R2]\]^ However, the results are still not completely satisfactory. Transplant-related complications and post-transplant relapse remain to be pressing problems. Improving survival rate and quality of life are still the primary goals.

Currently, the choice of transplantation for patients with ALL-CR1 and AML-CR1 is unclear. It was considered that ALL-CR1 and AML-CR1 were not the absolute indications of transplantation. In particular, with the continuous improvement of chemotherapy regimens and the application of some new targeted drugs, most patients in CR1 were inclined to undergo consolidation chemotherapy as maintenance treatment. Only a few patients in high-risk ALL-CR1 and partially refractory AML-CR1 considered allo-HSCT.^\[[@R3]\]^ Cornelissen *et al*^\[[@R4]\]^ have recently reported that allo-HSCT, applied as consolidation in CR1, was associated with a higher 5-year OS in high-risk AML patients (19%) than chemotherapy (9%) (*P* = 0.02) and also a higher 5-year DFS (17% *vs*. 7, *P* = 0.003). In addition, Ciftciler *et al*^\[[@R5]\]^ also showed that the 5-year OS for relapse in refractory patients who underwent allo-HSCT and patients who received only salvage chemotherapy was 44% and 4%, respectively. The OS was longer in patients who underwent allo-HSCT than in patients who received salvage chemotherapy (*P* \< 0.01). Moreover, the European Leukemia Net AML Working Party showed that the high-risk cytogenetic cohorts can achieve a major benefit with allo-HSCT in CR1; in addition, the indication for allo-HSCT in intermediate risk AML patients has been favored by recent studies and recommendations.^\[[@R6]\]^ Our study showed that patients who were in CR1 at HSCT had significantly higher DFS than those in CR2, CR3, and NR. However, the difference was not significant (*P* \> 0.05), which may be related to factors such as short follow-up. Furthermore, disease status at HSCT and high risk of AML-CR1 were factors that affected OS (*P* \< 0.05). Therefore, early allo-HSCT may benefit some patients with greater survival.

Conditioning is a key step in the success of HSCT. At present, the conditioning regimens of allo-HSCT for leukemia mainly include Bu/Cy-based and TBI/Cy-based regimens. Tomizawa *et al*^\[[@R7]\]^ compared the efficacy of two conditioning regimens in high-risk AML of children and adolescents and showed that the Bu/Cy-based regimen had significantly higher 3-year OS than the TBI-based regimen (81.3% *vs.* 60.9%). In our study, the univariate analysis showed that 3-year OS and DFS with the Bu/Cy-based regimen were both significantly higher than those with the TBI/Cy-based regimen. At the same time, TBI/Cy-based regiment was a factor that affected OS. Lucchini *et al*^\[[@R8]\]^ also demonstrated that patients receiving a Bu/Cy-based regimen had a lower incidence of relapse and higher OS and DFS. Therefore, the Bu/Cy-based regimens may be a better option for children with leukemia. Gutierrez-Aguirre *et al*^\[[@R9]\]^ analyzed the effects of ABO-incompatibility on GVHD and OS and found that ABO-incompatibility significantly improved OS and increased the incidence of GVHD, but the differences were not significant. In our series, the univariate analysis showed that ABO-incompatibility was a factor that affected OS, but the multivariate analysis showed no statistical significance. Further observation and follow-up studies are required to elucidate this aspect.

Sahin *et al*^\[[@R10]\]^ retrospectively analyzed infections in patients post-HSCT and found that severe infection was the most important reason for death in early transplantation, due to neutropenia, treatment-related mucosal damage, and immune dysfunction. In our study, transplant-related mortality was the leading cause of death; 31.0% was transplant-related mortality and 12.7% was relapse-related mortality. These results may be related to the limited sample size and follow-up time. In addition, we found that serious infection was the main cause of transplant-related mortality, especially pulmonary infection, and the proportion was as high as 60%, which seriously threatened patient survival. Tomizawa *et al*^\[[@R7]\]^ found that grade II-IV aGVHD was associated with low OS of high risk AML in children and adolescents (*P* = 0.049). However, the effects of cGVHD and grade II-IV aGVHD on OS were not significant in our study, which may be related to factors such as the classification of disease types, risk stratification, and short follow-up. Therefore, it is necessary to further refine relevant influencing factors and expand the sample size for systematic analysis.

In summary, allo-HSCT was a safe and effective method for leukemia treatment in children after induction chemotherapy, which could significantly improve the survival and prognosis of patients. Additionally, we found that disease status at HSCT, high-risk AML-CR1, extramedullary infiltration, conditioning regimen, donor--recipient ABO compatibility, and CMV infection influenced the survival of children with leukemia after allo-HSCT.
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